SPECIFICATION 



TO ALL WHOM IT MAY CONCERN: 

BE IT KNOWN THAT WE, HIDEAKI YAMAGATA, a 
citizen of Japan residing at Kanagawa, Japan, 
MICHIYOSHI TACHIKAWA, a citizen of Japan residing at 
Kanagawa, Japan, TOSHIO MIYAZAWA, a citizen of Japan 
residing at Tokyo, Japan, HIROSHI SHIMURA, a citizen 
of Japan residing at Kanagawa, Japan and MIWA KAWANO, 
a citizen of Japan residing at Tokyo, Japan have 
invented certain new and useful improvements in 

IMAGE DETECTING METHOD, IMAGE DETECTING SYSTEM, 
PROGRAM, AND RECORDING MEDIUM FOR IMAGE DETECTION 

of which the following is a specification:- 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention generally relates to an 
image detecting method, an image detecting system, a 
5 program and a recording medium for rendering image 
detection, and, in particular, to an image detecting 
method, an image detecting system, a program and a 
recording medium for rendering image detection for 
detecting a semicircular image having a specific size. 

10 

2 . Description of the Related Art 
Recently, a technology in that a seal (having 

a circular outline in many cases) or the like printed on 
a document is identified automatically from an 

15 electronic image thereof is demanded. As such a 

technology, Japanese Laid-Open Patent No. 8-115022 
discloses a method of detecting a circle included in an 
electronic image. In this method, continuity of the 
midpoints between edges of a circle are determined, and, 

20 thus, a specific circle is detected. 

However, in such a method, in a case where 
edges of a circle are partially faint or have 
discontinuity, or positions of the edges are shifted due 
to various noises, continuity of the midpoints between 

25 the edges is not secured. Thereby, detection of the 
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circle may not be performed successfully. Thus, this 
method is not robust against distortion of an image to 
be processed. 

5 SUMMARY OF THE INVENTION 

An object of the present invention is to 
provide a technology of identif ying/detecting an image 
including a specific circle from an electronic image 
which is sufficiently robust against distortion of the 

10 image to be processed such as a faint edge, shift of the 
edge due to noise, and so forth. 

According to the present invention, an image 
of a semicircle having a specific size possibly 
including discontinuity in an edge thereof, noise and so 

15 forth, can be detected at a high accuracy. Specifically, 
left and right edges are detected individually, thereby, 
discontinuity in edges or error due to noise is detected 
individually for the left and right edges. Accordingly, 
the robustness in the detection is improved. 

20 Furthermore, with regard to the detection of error, by 
appropriately changing the threshold for the error 
detection between a part possibly having much error and 
a part possibly having little error of the image of the 
semicircle. Thereby, it is possible to perform the 

25 detection of the semicircle with high robustness while 
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reducing erroneous detection. 

Further, in order to prevent increase of the 
number of candidates , a requirement for commencement of 
the detection is determined, and, the detection process 
5 is performed only in the case of satisfying the 

requirement. Accordingly, it is possible to effectively 
reduce the time required for the detection operation. 

According to the present invention, first, a 
coordinate position having a pattern satisfying the 

10 semicircle detection commencement requirement is 

registered as a candidate of the semicircle. Previously, 
a dictionary having ranges of distances (the numbers of 
pixels) from the center line to an edge of the 
semicircle being drawn is prepared. Then, while this 

15 dictionary is being referred to, the upper semicircle is 
detected as a result of an outer edge having the above- 
mentioned pattern is traced along a sub-scanning 
direction. Each main scan line not satisfying the range 
according to the dictionary found out during the search 

20 is counted as an error. When the number of the counted 
errors exceeds a predetermined threshold, it is 
determined that the current candidate does not 
correspond to the target semicircle. When the number of 
main scan lines processed along the sub-scan direction 

25 searched as mentioned above reaches a target value of 
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the radius of the target semicircle, it is determined 
that the current candidate corresponds to the target 
semicircle . 

Other objects and further features of the 
5 present invention will become more apparent from the 

following detailed description when read in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
10 FIG. 1 shows a configuration of one embodiment 

of the present invention; 

FIG. 2 illustrates production of a dictionary 
shown in FIG. 1; 

FIG. 3 shows a length of a top side of a 
15 semicircle to be detected through a system shown in FIG. 

i; 

FIG. 4 shows an operation flow chart of 
detecting an upper semicircle, performed in the system 
shown in FIG. 1; 
20 FIG. 5 shows an example of a pattern matching 

a search commencement requirement used in the method in 
the embodiment of the present invention shown in FIG. 4 ; 

FIG. 6 illustrates detection of outer edge 
patterns of left and right arcs according to the method 
2 5 shown in FIG. 4; 
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FIG. 7 illustrates counting of errors and 
detection of the semicircle according to the method 
shown in FIG. 4; and 

FIG. 8 illustrates a configuration of a 
5 general-purpose computer which can render the present 
invention . 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

FIG. 1 shows an image detecting system in one 

10 embodiment of the present invention. 

This system shown in FIG. 1 includes an image 
inputting part 1 such as a scanner inputting an image of 
a document or the like, a pattern search part 2 
searching the input image input through the inputting 

15 part 1 for a semicircle as an image to be detected, a 

dictionary producing part 3 producing a dictionary 4 for 
a pattern of the semicircle to be searched for by the 
pattern search part 2, and the dictionary 4 produced by 
the dictionary producing part 3. In this system, images 

20 to be searched by the pattern search part 2 are not 

limited to those input through the image inputting part 
1, and, images input through a network such as the 
Internet can also be searched thereby. 

First, how to produce the dictionary 4 will 

25 now be described. FIG. 2 illustrates data stored in the 
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dictionary 4. As shown in the figure, the dictionary 
contains the data, i.e., a distance (the number of 
pixels) from a left edge (left arc) of a target circle 
to the center line thereof for each main scan line for a 
5 half (1/4 circle) of the upper semicircle of the target 
circle assuming that a vertical direction in the figure 
as a sub-scan direction. 

Further, the dictionary producing part 3 
similarly measures a distance from an edge to the center 

10 line for a semicircle of each circle of those having 
radii longer/shorter than that of the above-mentioned 
target circle by ± several pixels. Then, the maximum 
value and minimum value of the thus-measured distance 
for each main scan line are stored for a respective 

15 distance (number of pixels) along the sub-scan direction 
from the top of the circle, as a range in which an outer 
edge pattern of a candidate figure can exist. Further, 
with regard to a value of the distance on or near the 
top side of the circle which is likely to be affected by 

20 possible distortion of the input image, a margin of 
several pixels is added thereto. 

The length (number of pixels) of the top side 
of the upper semicircle is determined from the lengths 
(each being a value twice the above-mentioned minimum 

25 value of the distance thereof) of the circles which were 



obtained from the target circle as mentioned above. FIG. 
3 illustrates the length of the top side of the circle, 
for example. Also with regard to the length of the top 
side, a distance longer than the actual length by a 
5 predetermined range is actually used, in consideration 
of possible distortion of the input image. 

As the semicircle to be detected is 
symmetrical with respect to the center line, the 
dictionary 4 stores therein only the data (left edge 

10 data) for the 1/4 circle (left edge) . Thereby, it is 
possible to reduce the size of the dictionary 4. At a 
time of pattern search, right edge data can be easily 
produced from the left edge data, and thus-obtained 
semicircle data is used as reference data for the search 

15 operation. It is also possible that the dictionary 4 

stores therein the whole semicircle data (left and right 
edge data) . 

FIG. 4 shows an operation flow chart of 
detecting the upper semicircle in the embodiment of the 

20 present invention. As mentioned above, by using the 
length of the top side of the target semicircle, a 
pattern matching a search commencement requirement is 
searched for from the input image (in a step 101) . 

Specifically, the pattern search part 2 scans 

25 the input image along the main scan direction, and, thus, 
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first, searches for a left outer edge pattern (i.e., a 
pattern of a predetermined number of successive white 
pixels, and, then, one black pixel in the main scan 
direction) on a current main scan line. When the left 
5 outer edge pattern is found out, it is determined 
whether or not a right outer edge pattern (i.e., a 
pattern of one black pixel, and, then, a predetermined 
number of successive white pixels) starts within a 
predetermined range of successive black pixels 

10 corresponding to the above-mentioned length of the top 
side of the semicircle previously stored in the 
dictionary 4. Then, when it is determined that the 
right outer edge pattern starts within the above- 
mentioned predetermined range corresponding to the 

15 length of top side from the previously found left outer 
edge pattern, it is determined whether or not the ratio 
of black pixels occurring between the black pixels of 
the above-mentioned left outer edge pattern and right 
outer edge pattern exceeds a predetermined threshold. 

20 Simultaneously, it is determined whether or 

not the ratio of white pixels occurring at the same 
positions but on the immediately preceding main scan 
line exceeds a predetermined threshold. When the above- 
mentioned two ratios satisfy the above-mentioned 

25 requirements (thresholds) at the same time (YES of the 
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step 102) , the midpoint between the black pixels of the 
above-mentioned left outer edge pattern and right outer 
edge pattern is stored as one of a candidate of the 
semicircle (in a step 103) . Then, the edge search is 
5 started (in a step 104) . 

FIG. 5 illustrates an example of a pattern 
matching the above-mentioned search commencement 
requirement. In this example, on a current main scan 
line, a distance between black pixels of the left and 
10 right outer edge patterns is 8 pixels (within a 

predetermined threshold of 8, for example) . Then, the 
ratio of black pixels occurring between these black 
pixels of the left and right outer edge patterns is 
87.5% (7/8, larger than a predetermined threshold of 
15 82.5%, for example) as the number of the black pixels 
occurring there is 7. Then, the ratio of white pixels 
at the same positions but on the immediately preceding 
line is 100% (8/8, larger than a predetermined threshold 
of 50%, for example) as the number of the white pixels 
20 occurring there is 8. 

By increasing the threshold of each of the 
above-mentioned ratios of black pixels and white pixels, 
it is possible to reduce a possibility of registering a 
figure which does not actually correspond to the 
25 detection target as a candidate thereof. However, 



-11- 



thereby, the system becomes weaker against distortion of 
the input image . 

Then, based on the position of the midpoint 
stored in the step 103, while it is repeatedly 
5 determined whether or not the left and right outer edge 
patterns such as those mentioned above of the arcs of 
the upper semicircle occur within the above-mentioned 
range {for the distance/number of pixels between the 
left/right edge and center line, as shown in FIG . 2) 

10 stored in the dictionary 4 for each main scan line, the 
outer edge patterns corresponding to the left and right 
arcs are traced along the sub-scan direction, and, thus, 
the upper semicircle is detected in a step 104. 

FIG. 6 illustrates search for the outer edge 

15 patterns corresponding to the left and right arcs of the 
upper semicircle. As mentioned above, it is determined 
whether or not the distance {the number of pixels) 
between the calculated midpoint and the left/right outer 
edge pattern found occurring on the current main scan 

20 line is within the above-mentioned range stored in the 
dictionary 4. When each of the left and right outer 
edges occurs within the above-mentioned range stored in 
the dictionary 4 for the current main scan line, the 
position of the midpoint between the black pixels of 

25 these left and right outer edge patterns is re- 
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calculated, and, then, is stored in the dictionary 4 in 
an overwriting manner as the data of midpoint used for 
the subsequent main scan line. 

By making the above-mentioned predetermined 
5 number of successive white pixels of each of the left 
and right outer edge patterns variable, it is possible 
to adjust the intensity of robustness against possible 
noise of the input image, or to appropriately deal with 
features of the particular detection-target semicircle. 

10 When the outer edge pattern does not occur 

within the respective range stored in the dictionary 4 
in the step 104 for the current main scan line, an error 
is counted for the current candidate in a step 105. 
Three types of errors are assumed, i.e., the number of 

15 successive errors in that the left outer edge pattern 
does not occur within the range is counted; the number 
of successive errors in that the right outer edge 
pattern does not occur within the range is counted; and 
the number of cumulative errors in that the left or 

20 right outer edge pattern does not occur within the range 
is counted. 

When the number of any of these three types of 
errors exceeds a respective predetermined threshold (YES 
in a step 106) , the current candidate is excluded from 
25 candidates of the detection target semicircle (in a step 
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110) . With regard to the above-mentioned successive 
errors, the count value is cleared to 0 for each of the 
left and right outer edge patterns when it occurs within 
the respective range of the dictionary 4. With regard 
5 to the above-mentioned cumulative errors, the total of 
errors in which no outer edge pattern occurs within the 
respective range of dictionary 4 for the left/right 
outer edge patterns is counted, and is not clear to 0 at 
any time. By appropriately controlling the thresholds 

10 for these respective errors, it is possible to detect a 
semicircular figure even having discontinuity in the 
edge thereof. 

The above-mentioned process is repeated 
throughout the input image (in a step 109) . When, for 

15 each candidate figure, the search has been performed 

through the number main scan lines corresponding to the 
target radius value of the semicircle to be detected, it 
is determined whether or not the difference between the 
distance (the number of pixels) between the given 

20 midpoint and the black pixel of any of the left and 

right outer edge patterns found on the current main scan 
line and the above-mentioned number of the main scan 
lines (the number of pixels) searched until now lies 
within a predetermined threshold, it is determined that 

2 5 the current candidate corresponds to the detection 
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target semicircle (in steps 107 and 108) . 

FIG. 7 illustrates an example of error 
counting and semicircle detection according to the 
present invention. In this example, the target radius 
5 value of the semicircle to be detected is 10 ± 2 

(pixels) ; the threshold for the successive errors is 3 
(pixels) ; the threshold for the cumulative errors is 5 
(pixels) ; and the threshold of the difference in 
distance between the number of searched main scan lines 

10 and the edge from the midpoint on the last main scan 
line is 1 (pixel) . As shown in the figure, at a time 
the distance from the top side reaches the target radius 
of the detection target semicircle (10) , the number of 
successive errors is 0 (pixels;, less than the above- 

15 mentioned threshold 3) , and the number of cumulative 
errors is 3 (pixels; less than the above-mentioned 
threshold of 5) . Further, on the tenth main scan line, 
the distance between the black pixel of the left outer 
edge pattern and the midpoint is 11 (pixels) , and the 

2 0 distance between the black pixel of the right outer edge 
pattern and the midpoint is 10 (pixels) . Thus, the 
larger difference (10-11) in distance between the 
number of searched main scan lines and any edge from the 
midpoint on the last main scan line (tenth line) is 1 

25 (pixel; equal to the threshold 1). Accordingly, the 
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semicircle is detected. 

Based on the above-mentioned detection result 
of the semicircle, the center coordinate of the circle 
can be estimated in a case where the detection target is 
5 a circle. 

Another example of detection of semicircle 
according to the present invention will now be described. 
In this example, the radius of the detection target 
semicircle is 58 through 64 pixels; the threshold of the 
10 number of the above-mentioned successive white pixels of 
the left/right outer edge patterns is 5 pixels; the 
threshold of the number of the above-mentioned 
successive errors is 3 pixels; the threshold of the 
number of the above-mentioned cumulative errors is 5; 
15 the threshold of the ratio of black pixels to be 

included in the beginning main scan line in the above- 
mentioned search commencement requirement is 82.5%; the 
threshold of the ratio of while pixels to be included in 
the immediately preceding main scan line at the same 
20 positions in the above-mentioned search commencement 

requirement is 50%; and the threshold of the difference 
in distance between the number of searched main scan 
lines and the edge from the midpoint on the last main 
scan line is 1 pixel. 
25 These thresholds may be appropriately adjusted 
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depending on the resolution of the input image, the size 
of the circle to be detected, and so forth. 

The above-described embodiment of the present 
invention can be rendered through a general-purpose 
5 computer executing a software program which is 

previously recorded in a computer-readable recording 
medium such as a CD-ROM. The above-mentioned software 
program is installed in the computer which then executes 
the program, and, thus, renders the above-described 
10 process of detecting the semicircle described above with 
reference to FIGS. 1 through 7. Also in this case, the 
image to be processed may be an image input through a 
scanner, previously stored in a hard disk drive or the 
like, input via a network such as the Internet, or the 
15 like. 

FIG. 8 illustrates one example of the above- 
mentioned computer including a CPU executing the 
software program previously recorded in the CD-ROM, a 
memory used by the CPU for temporarily storing 
20 data/program as the necessity arises, a scanner for 

inputting an image to be processed, a display device for 
displaying the image and various data, keyboard/mouse 
for a user to input command/data appropriately, a hard 
disk drive for storing the software program read out 
2 5 from the CD-ROM through a CD-ROM drive and other various 
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program/data , and a modem for communicating with a 
network such as the Internet. 

Further, the present invention is not limited 
to the above-described embodiments, and variations and 
5 modifications may be made without departing from the 
scope of the present invention. 

The present application is based on Japanese 
priority application No. 2000-147405, filed on May 19, 
2000, the entire contents of which are hereby 
10 incorporated by reference. 



